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Abstract 

DART is the new data acquisition system de- 
signed and implemented for six Fermilab ex- 
periments by the Fermilab Computing 
Division and the experiments themselves. 

The complexity of the experiments varies 
greatly. Their data taking throughput and 
event filtering requirements range from a few 
(2-5) to tens (80) of CAMAC, FASTBUS and 
home built front end crates; from a few 
100 KByte/sec to 160 MByte/set front end 
data collection rates; and from O-3000 Mips 
of level 3 processing. 

We report on the architecture and implemen- 
tation of DART to this date, and the hardware 
and software components that are being de- 
veloped and supported. 

1 Introduction 

DART has been established as a collaborative 
project between six Fermilab experiments 
and the Fermilab Computing Division to de- 
velop and deploy the experiments’ data ac- 
quisition systems [I]. The system hardware 
and software architecture must be simple 
enough for the small experiments, yet exten- 
sible and fast enough for the large. 

This paper presents a summary of the hard- 

ware and software components being sup- 
ported, the current status of the project, 
together with details of some of the project 
strategies and issues. 

2 DART Architecture 

The DART system architecture is “parallel- 
ized” “ extensible” “networked” and “distrib- 
uted”. In terms of hardware components, this 
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means that sub-systems and readout are inde- 
pendent and in parallel, the event building ar- 
chitecture is modular and extensible, and 
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Ethernet is used for control. 

For the software architecture, support is giv- 
en for stand-alone use of sub-systems and 
embedded processors for commissioning, 
and for integration of multiple copies of DA 
components as a tightly coupled system dur- 
ing data taking. 

3 DART Hardware Summary 

As far as possible all DART hardware mod- 
ules are commercially available. KTeV has 
the most challenging data acquisition require- 
ments; its data flow architecture is shown be- 
low [2]. DDDs consist of a triumvirate of 
modules to support the needed flexibility -- 
the DM115, DC2 and Dual-ported VSB/ 
VME memory. The DM 115 [3] provides for 
input from RS485 at up to 40 MByte/set to a 
4 KByte data FIFO, and for receipt of data in 
different VME crates based on the value of an 
address word in the data stream; the DC2 [4] 
controls data flow at up to 22 MByte/set 
from the FIFO over VSB to commercial dual- 
ported VSB/VME memories (DPMs) and 
handles their memory management and flow 

control. The DC2’s embedded 68340 proces- 
sor gives it flexibility at the expense of sim- 
plicity, but this was a trade-off we accepted in 
order to use an already commercially avail- 
able design. 

The dual ported memories can be configured 
in size and number to meet the individual ex- 
periment’s needs. Data is also delivered to the 
VME backplane through other supported in- 
terfaces such as the CAMAC drivers listed in 
the table below. 

Event data is read directly by a commercial 
68040 processor board (Motorola 
MVME167) and written to tape, or written 
through high speed interconnects into com- 
mercial UNIXTM workstations for physics 
analysis before a selected sample of events 
are written to tape. 

4 DART Software Summary 

DART software products include all the tra- 
ditional components of data acquisition sys- 
tems. Two of these products - the data flow 
manager (dfm) and distributed system boot- 
strap and monitoring software (dbs) - are 
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Fig. 1: Block Diagram of the KTeV DA System. 
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Supported Hardware Modules [ 121 

Description Module Software 

68040 VME processor MVME167 VxWorks, user libraries 

FASTBUS Readout Controller FSCC VxWorks, FB IEEE routines 

FERA Readout controller DYC+ - 

RS485/Fiber adaptor FOXRlFOXT - 

VMEKAMAC Parallel BHD CES 8210 VxWorks CAMAC IEEE routines 

VMEKAMAC Serial BHD HYTJZC 2992 VxWorks CAMAC IEEE routines 

VMEI SCSI adaptor RIMFIRE 3513 VxWorks 8mm driver 

RS485->VSB adaptor DC2/DM115 Embedded s/w 

VSBNME memories MMI 63901) - 

VMENME or VMElprocessor bus BIT3 IRIX device driver 

VME-VME adaptor PTI 940 IRIXNxWorks I/O drivers 

UNIX Workstation for event filtering SGI Drivers for VME/tape 

Host/DA Monitoring Computers IRIX, SunOS, HPUX?, I/O drivers to DA buses, VME 
AIX, VMS 

described in other papers at this conference 
[lo]. Conceptually, dfm provides extensions 
to the operating system in areas of memory 
management and process queueing specifi- 
cally for data acquisition needs. DART soft- 
ware packages are designed either as libraries 
to be embedded in experiment applications, 
or support user hooks for inclusion of experi- 
ment specific code. 

DART uses tcl[5] as a common user and pro- 
gram interface. Run control commands are 
distributed as tcl command strings which are 
interpreted and dispatched by the receiving 
program. Graphical interfaces are layered on 
top of the tcl command line interface with Tk 
and wish. DART run control and configura- 
tion management software addresses DA 
components logically with named groups 
rather than physically by node address and 
process ID, and sends tcl command strings 
input from scripts or generated internally and 
then multicast. 

Three complementary diagnostic and moni- 
toring tools are used: a message reporter and 
display program [6]; trace - a continuous re- 
cording in time order of diagnostic informa- 
tion; and snapshot - a one time dump of 
information. 

Some Strategies 

5 VME as Data Acquisition “Hub” 

VME backplanes form the data acquisition 
hub of the DART data flow architecture. As 
shown in Fig. 1, data is sent to the VME back- 
plane from many different sources and can 
then be delivered to any processor connected 
to VME. Multiple VME planes act as parallel 
event builders to deliver the maximum re- 
quired data throughput, 160 MByte/set. 

6 Use of C++ Wherever Suitable 

The real time components of DART, and 
those user libraries that must be easily porta- 
ble are being coded in C. However, with its 
advantages in strong typing, and emphasis on 
proper modulization and encapsulation of 
code, we are writing DART in C++ [7] wher- 
ever it can be justified. It remains to be seen 
whether this will cause problems under fire: 
but the experience so far indicates the code is 
written is more quickly and correctly, and is 
robust and maintainable. So far, our choices 
have led to no compromise in data through- 
put. 

Interfaces to FORTRAN are included, to al- 
low the experimenters to integrate in their 
physics analysis and monitoring code; the 



strategy, however, is to gently lead them to C 
and C++ for their time critical applications. 

7 Portability across Operating Systems 

DART sees the first serious use of UNIX for 
the main DA by Fermilab Fixed Target exper- 
iments. While VxWorksTM [8] is supported 
on the embedded processor boards, a single 
flavor of UNIX is supported for the critical 
level-3 filter processors (currently SGI/ 
IRIX), and several UNIX platforms and VMS 
for the back end monitoring and host comput- 
ers. To meet the requirements of both the 
small and the large experiments, most appli- 
cations are supported for both VxWorks and 
IRIX. Coding standards are defined with an 
eye to portability and POSIX as a reality in 
the not so distant future. 

8 Tcl/Tk as the User Interface and 
Command Structure 

The user interface is based on public domain 
command line and GUI software, tcl and Tk, 
with extensions made by us for our environ- 
ment. The windowing environment, Tk, is 
layered above this and can be tailored to the 
experimenters’ individual taste. 

9 Leveraging 

There is lively cross-fertilization of ideas and 
implementation of tool-kits across DART and 
the project for delivery of the Sloan Digital 
Sky Survey data systems [ 1 I]. The overlap in 
general requirements is leading to benefits in 
terms of new ideas and designs in both. 

CDF and DO are planning major upgrades in 
their DA systems over the next few years. 
Both experiments are actively looking at the 
underpinnings of DART (e.g., VxWorks and 
TCL). It will be an interesting challenge to 
see if three such massive bodies as CDF, DO 
and the Fermilab Computing Division can le- 
verage their efforts efficiently and effectively. 

Some Remaining Issues 

10 Level 3 Processor Integration (Data 
Input and Logging) 

KTeV requirements dictate writing to 8mm 
tape at 3 MByte/set from a UNIX worksta- 

tion for data taking. Our benchmarks show 
that an SGI Challenge can log to 3 Exabytes 
in parallel on a single SCSI bus at an integrat- 
ed rate of 1.2 MByte/set only if very large 
tape records are written. (The CPU usage is 
then a few percent.) We need to support input 
data rates of 40 MByte/set and logging of 
3 MByte/set simultaneous with data taking. 

11 Run Control and DA Management 

Fast, reliable, “push button” run start, stop 
and restart must be provided for systems with 
4-6 UNIX stations, and 20-30 front end pro- 
cessors. Our experiences tell us that we must 
be very careful to understand the interdepen- 
dencies of the components of the DA, and 
provide for accurate, simple reporting of 
where problems occur and what actions 
should be taken. 

12 Robustness of UNIX for Real Time 
DA 

We will be supporting UNIX workstations as 
an integral part of real time high throughput 
DA systems. We have developed significant 
expertise in analyzing VMS system issues, 
and must gain this experience with UNIX. 
Our programmers are still legitimately put- 
ting “a bug here, a bug there, and pretty soon 
you have UNIX” on their mail headers. 

13 Integration, Monitoring and Analy- 
sis 

Successful experiments require well integrat- 
ed “on-spill” and “off-spill” data taking and 
monitoring systems. The delay in the Fermi- 
lab run schedule should stimulate us to ex- 
pend effort towards making the overall 
acquisition of data as seamless and robust as 
possible, with a goal of reducing the time be- 
tween data taking and writing of physics pa- 
pers. 

14 status 

DART VI.0 [13] was released in September 
1993 and was integrated to allow E811 to 
take data this collider run. 

Other experiments are using parts of the sys- 
tem for detector testing. DART uses ups [9] 
and sees for product management, and all 



software is available through the main Fermi- 
lab distribution mechanisms. 

Most components of DART V2.0 are under 
test and an integrated system will be released 
early this summer. This will allow the exper- 
iments to take, log and analyze data, but lacks 
full multi-stream throughput, fully functional 
run control, level 3 filtering, configuration 
management, and system monitoring capabil- 
ities. 

Once we have fully integrated small DART 
DA systems we will be addressing the robust- 
ness, and diagnostic features of the system in 
earnest. 
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